This contribution focuses on latest ALICE results on charmonium forward production in proton-proton (pp), proton-lead (p-Pb) and lead-lead (Pb-Pb) collisions at the TeV scale. In p-Pb and Pb-Pb collisions, measurements are presented in the form of the charmonium nuclear modification factor (the properly normalized ratio of its production cross section in heavy ion collisions to its pp counterpart) as a function of the charmonium rapidity and transverse momentum. These measurements are compared to available theoretical calculations. Possible interpretations of these results in terms of gluon saturation, initial and final state energy loss, color screening and recombination are also discussed.
Introduction
Charmonia are mesons formed out of a charm and anti-charm quark pair. Their production in heavy ion collisions starts very early via the hard scattering of two partons. As such they constitute a prominent tool to probe the properties of the matter formed in such collisions and in particular the plasma of quarks and gluons (QGP), a state of this matter for which quarks and gluons are deconfined and can travel distances much larger than the typical size of the nucleon. Quarkonia have therefore been extensively studied over the past 30 years for instance at the SPS (CERN), at RHIC (BNL) and more recently at the LHC (CERN) [1] . In absence of a QGP, quarkonia carry information about the partonic structure of the nucleon, be it isolated or inside a nucleus, and the mechanisms by which partons and heavy quarks lose energy inside cold nuclear matter. In presence of a QGP on the other hand, their production was originally predicted to be suppressed with respect to expectations based on production rates in proton−proton (pp) collisions, due to a Debye-like color screening mechanism [2] . Additionally, it has later been conjectured that their production could also be enhanced due to the recombination of uncorrelated heavy quark pairs from the hot medium [3, 4] . Both the suppression and recombination rates depend on the nature, rapidity (y) and transverse momentum (p T ) of the charmonium at hand, as well as the energy and the centrality of the heavy ion collision. Measurements performed at LHC energies complement the observations collected at lower energies and help disentangle between these competing mechanisms.
ALICE [5] has measured the production of two charmonium states, namely J/ψ and ψ(2S), down to zero p T at forward rapidity (2.5 < y lab < 4) in pp, p-Pb and Pb-Pb collisions. Charmonia are measured in the dimuon-decay channel using ALICE's forward muon tracking system (MCH) and muon trigger system (MTR) in the pseudo-rapidity range −4 < η < −2.5 [6] . Triggering is achieved using ALICE V0 hodoscopes [7] and the two innermost layers of the Inner Tracking System (ITS) [8] together with the MTR. The ITS is also used to measure the collision vertex, whereas in Pb-Pb collisions the V0 hodoscopes are used to evaluate the collision centrality. Charmonia yields are evaluated by fitting the µ + µ − invariant mass distribution, as reconstructed in the MCH.
The pp data sample presented in this contribution has been collected in 2011 at a center of mass collision energy √ s = 7 TeV and corresponds to an integrated luminosity L int = 1.35 ± 0.07 pb −1 . The p-Pb data sample has been collected in 2013 at a center of mass energy per nucleon-nucleon collision √ s NN = 5.02 TeV.
Two beam configurations have been used, by inverting the direction of the orbits of the two particle species. These two configurations allow to probe charmonium production in center of mass rapidity ranges 2.03 < y cms < 3.53 and −4.46 < y cms < −2.96 respectively, where positive rapidities refer to the situation where the proton beam is travelling towards the forward muon detectors. The data samples collected in each configuration correspond to integrated luminosities L int = 5.01 ± 0.17 nb −1 and L int = 5.81 ± 0.18 nb −1 , respectively. Finally, the Pb-Pb data sample has been collected in 2011 at √ s NN = 2.76 TeV. It corresponds to an integrated luminosity L int = 68.8 ± 0.9(stat.)±2.5(syst. F norm ) +5.5 −4.5 (syst. σ Pb-Pb ) µb −1 . All measurements of charmonium production performed by ALICE at forward rapidity are inclusive. For J/ψ, they contain, in addition to the charmonium direct production, contributions from the decay of higher mass excited states, predominantly ψ(2S) and χ c . For both J/ψ and ψ(2S), they contain as well contributions from non-prompt production, mainly from b-mesons decay.
2 Results on J/ψ production at forward rapidity Fig. 1 shows the inclusive J/ψ production cross section measured by ALICE in pp collisions at an energy √ s = 7 TeV, as a function of the J/ψ rapidity (left panel) and p T (right panel) [9] . In this figure as well as all others, the vertical bars represent the statistical uncertainties whereas the boxes correspond to the uncorrelated systematic uncertainties. The systematic uncertainty on the integrated luminosity is quoted in the legend. The systematic uncertainty of on the J/ψ → µ + µ − branching ratio (∼ 1%) is not included. The cross sections are compared to LHCb measurements performed in the same conditions [10] as well as earlier ALICE measurements performed using the 2010 data set [6] , at both mid-(|y| < 1) and forward rapidities. All measurements agree well within statistical and systematic uncertainties. The interest of these results is two-folded: 1) they provide precise constrain on J/ψ production mechanism, although extra care must be given to the contributions from non-prompt J/ψ's [11] as well as decays from higher mass excited states; 2) they serve as a reference for measuring modifications to this production in proton-nucleus or nucleus-nucleus collisions.
In order to compare the J/ψ production in p-Pb collisions to that in pp collision, the nuclear modification factor R pPb is used. It is the ratio between the J/ψ invariant yield measured in p-Pb collisions and the J/ψ production cross section measured in the same kinematic domain in pp collisions, further divided by the average nuclear overlap function T ppb , estimated using a Glauber model [12] . In absence of nuclear effects, the J/ψ production in p-Pb collisions is expected to scale with the number of equivalent nucleon-nucleon collisions and this ratio equals unity. rapidity [13] . Negative rapidity J/ψs originate from gluons that carry a large fraction x Bj of the nucleon longitudinal momentum in the Pb nucleus. Positive rapidity J/ψs on the contrary originate from small x Bj gluons in the Pb nucleus. Such gluons are subject to nuclear shadowing [14] , or saturation, in the framework of the Color Glass Condensate (CGC) [15] . The negative rapidity results are compared to three theoretical calculations. The first is a next to leading order (NLO) calculation [16] which uses the Color Evaporation Model (CEM) [17] for J/ψ production and the EPS09 parametrization of the modifications of Parton Distribution Functions (PDF) in the nucleus [14] . The other two calculations include a contribution from coherent parton energy loss [18] , either in addition to EPS09 shadowing or as the only nuclear effect. The positive rapidity results are also compared to a calculation performed in the CGC framework combined with the CEM production model [19] . The first three calculations provide a fair description of the data within statistical and systematic uncertainties and over the p T range for which they are applicable, whereas the CGC calculation has no predication at negative rapidity and overestimates the suppression observed at positive rapidity over the full p T range. [20] . In the left panel, the collision centrality is characterized by N part the number of nucleons participating to the nucleus-nucleus collision, estimated using a Glauber model. In both panels the results are compared to measurements performed by PHENIX at RHIC in Au-Au collisions at √ s NN = 0.2 TeV [21] . Small values of N part correspond to peripheral collisions. For such collisions, the nuclear modification factor measured by both experiments is close to unity and little modifications of the J/ψ production is observed with respect to binary scaled pp collisions. At large values of N part on the contrary, corresponding to central collisions, a strong suppression of the J/ψ production is observed at both energies. This suppression is however smaller at √ s NN = 2.76 TeV than at √ s NN = 0.2 TeV. The p T dependence of the suppression observed for central collisions is also strikingly different between the two collision energies: at high p T , the values of R AA are about the same for both measurements. When p T decreases however, R AA remains largely unchanged within uncertainties at √ s NN = 0.2 TeV, whereas it increases significantly at √ s NN = 2.76 TeV. This observation is attributed to the onset of a mechanism that compensates, at high collision energy, the suppression of low p T J/ψ observed for smaller collision energies. The possibility to produce J/ψ either in the QGP [3] or at the phase boundary [4] by the recombination of uncorrelated charm quark pairs out of the medium constitutes one possible scenario for such a mechanism.
3 Results on ψ(2S) production at forward rapidity
The inclusive ψ(2S) forward rapidity production cross section measured by ALICE in pp collisions at √ s = 7 TeV as a function of the ψ(2S) p T is presented in the left panel of Fig. 4 [9] . It is compared to a measurement performed by the LHCb collaboration in similar conditions although in a slightly different rapidity range [22] . Although both measurements cannot be directly compared, they are in good agreement within uncertainties over the full p T range. The right panel of Fig. 4 shows ALICE inclusive ψ(2S)-to-J/ψ cross section ratio as a function of p T [9] , compared to a similar ratio measured by LHCb but for prompt particles only, that is, after the contribution from b-meson decays has been taken out. In both cases an increase is observed as a function of p T which is in contradiction with predictions from the CEM, even after the contribution from higher mass excited states is properly accounted for [9] . These results are used to form the inclusive ψ(2S) nuclear modification factor in both p-Pb and Pb-Pb collisions as well as the inclusive ψ(2S)-to-J/ψ nuclear modification factor double-ratio. and positive-(circles) rapidity [23] . In both rapidity ranges, the ratio is significantly smaller than unity, with no visible dependence upon p T . This indicates that ψ(2S) mesons are significantly more suppressed than J/ψ in p-Pb collisions over the entire rapidity range. In the right panel of Fig. 5 these results are compared to a similar measurement performed by PHENIX at mid-rapidity, in d-Au collisions and at an energy √ s NN = 0.2 TeV [24] . A similar effect is also observed there, although with larger uncertainties. The models presented in Fig. 2 predict a similar suppression for J/ψ and ψ(2S) in p-Pb collisions as a function of both p T and y, within a few percent due to slightly different input gluon x Bj distributions. This is a consequence from the assumption that final state effects, which would be able to distinguish between J/ψ and ψ(2S) mesons, play a minor role at LHC energies. The calculated ratio corresponding to Fig 5 would therefore sit around unity, which is in disagreement with the data. Finally, ψ(2S) production in Pb-Pb collision at √ s NN = 2.76 TeV has been measured by both ALICE and CMS [25] . The ψ(2S)-to-J/ψ nuclear modification factor double-ratios observed by both experiments are presented in Fig. 6 as a function of the collision centrality (N part ), for different p T and rapidity ranges. For peripheral and semi-central collisions, the double-ratio measured by both experiments is compatible with unity. For most central collisions however, CMS observes large deviations of this double-ratio with respect to unity, and large differences between low-p T and high-p T mesons. Presently, too large statistical and systematic uncertainties prevent ALICE measurements to confirm and complement these results at either mid-or forward-rapidity and more data are needed, as will be delivered by the LHC during Run2, starting in 2015.
Conclusion
In summary, ALICE has measured the inclusive production of J/ψ and ψ(2S) mesons at forward rapidity in pp, p-Pb and Pb-Pb collisions at center-of-mass energies ranging from 2.76 to 7 TeV. In pp collisions, these measurements put more constrains on charmonia hadro-production mechanism. In p-Pb collision, a suppression of the J/ψ production with respect to pp is observed in the p-going direction. This suppression is more pronounced for low-p T J/ψs. It is well reproduced, at least qualitatively, by models that include coherent energy loss processes, modifications of the parton distribution functions, or both. For ψ(2S) a suppression larger than the one measured for J/ψ is observed over the full rapidity and p T range. This observation is neither expected nor reproduced by models, for which final state effects, that would be able to distinguish between J/ψ and ψ(2S) mesons, play a minor role at LHC energies. In central Pb-Pb collisions, a suppression of the J/ψ production is observed that is more pronounced at high p T than at low p T , in strong contrast to what is observed in p-Pb collisions. The suppression at low p T is also smaller than that observed at lower collision energies by the RHIC experiment. Both observations are consistent with the onset of an additional mechanism such as the production of charmonia in the QGP or at phase boundary by the recombination of uncorrelated charm quarks, and which would partially compensate the suppression observed at lower energies and high p T . Finally, concerning ψ(2S) production in Pb-Pb, more statistics are needed for a clear picture of the mechanism at play to emerge.
